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(54) COPPER ALLOY FOIL 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide Cu-Fe-P series copper alloy foil having sufficient strength 
and electrical conductivity and moreover excellent in productivity. 

SOLUTION: This foil is the one having a compsn. contg., by weight, 0.05 to 3.5% Fe and 0.01 to 0.4% 
P, furthermore contg, at need, one or two kinds of 0.05 to 5% Zn and 0.05 to 3% Sn, moreover 
cont&, at need, one or more kinds among Mg, Co, Pb, Zr, Cr, Mn, Al, Ni, Si, In and B by 0.01 to 2% in 
total, and the balance Cu, in which the dimensions of inclusions are regulated to ■ 10 jj m, and 
also, the number of the inclusions with 5 to 10 tim dimensions is regulated to <50 pieces/mm2 in 
the cross-section parallel to rolling It is suitable as a copper alloy foil material high in reliability in 
use for printed circuit boards and in a semiconductor packaging field such as IC tape carriers. 
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(54) [Title of the Invention] A Copper Alloy Foil 
(57) [Abstract] 

[Problem] To provide a Cu-Fe-P copper alloy foil which has sufficient 
strength and electrical conductivity and which is also of superior productivity. 

[Means of solution] It is characterized in that it contains 0.05 to 3.5% Fe 
and 0.01 to 0.4% P, and, as required, that it contains one or two of 0.05 to 5% Zn 
and 0.05 to 3% Sn, and, further, as required, in that it contains a total amount of 
0.01 to 2% of one or more of Mg, Co, Pb, Zr, Cr, Mn, Al, Ni, Si, In and B, in that 
the remainder is Cu, in that the size of inclusions is less than 10 urn and in that 
the number of inclusions of a size of 5 to 10 |nm is less than 50/mm 2 in a rolled 
parallel cross section. It is suitable as a copper alloy foil material of high 
reliability for printed circuit boards and for uses in the field of semiconductor 
mounting such as IC tape carriers. 
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[Claims] 

[Claim 1] A copper alloy foil characterized in that it contains, in terms of 
weight ratios, 0.05 to 3.5% Fe and 0.01 to 0.4% P, in that the remainder is 
comprised of Cu and unavoidable impurities thereof, in that the size of inclusions 
is less than 10 u,m and in that the number of inclusions of a size of 5 to 10 \ltt\ is 
less than 50/mm 2 in a rolled parallel cross section. 

[Claim 2] A copper alloy foil characterized in that it contains, in terms of 
weight ratios, 0.05 to 3.5% Fe and 0.01 to 0.4% P, further, in that it contains 
either one or both 0.05 to 5% Zn and 0.05 to 3% Sn, in that the remainder is 
comprised of Cu and unavoidable impurities thereof, in that the size of inclusions 
is less than 10 urn and in that the number of inclusions of a size of 5 to 10 \im is 
less than 50/mm 2 in a rolled parallel cross section. 

[Claim 3] A copper alloy foil characterized in that it contains, in terms of 
weight ratios, 0.05 to 3.5% Fe and 0.01 to 0.4% P, further, in that it contains a 
total amount of 0.01 to 2% of one or more of Mg, Co, Pb, Zr, Cr, Mn, Al, Ni, Si, In 
and B, in that the remainder is comprised of Cu and unavoidable impurities 
thereof, in that the size of inclusions is less than 1 0 |xm and in that the number of 
inclusions of a size of 5 to 10 (im is less than 50/mm 2 in a rolled parallel cross 
section. 

[Claim 4] A copper alloy foil characterized in that it contains, in terms of 
weight ratios, 0.05 to 3.5% Fe and 0.01 to 0.4% P, further, in that it contains 
either one or both 0.05 to 5% Zn and 0.05 to 3% Sn, in that it contains a total 
amount of 0.01 to 2% of one or more of Mg, Co, Pb, Zr, Cr, Mn, Al, Ni, Si, In and 
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B, in that the remainder is comprised of Cu and unavoidable impurities thereof, in 
that the size of inclusions is less than 10 \im and in that the number of inclusions 
of a size of 5 to 10 ^m is less than 50/mm 2 in a rolled parallel cross section. 

[Claim 5] A copper alloy foil as described in any one of claims 1 to 4, 
further characterized in that the intermediate material obtained by performing 
specified rolling and heat treatments on ingots is subjected to aging treatment for 
1 to 10 hours at a material temperature of 300 to 700°C and in that it is finished 
to a thickness of less than 0.1 mm in the final rolling. 

[Detailed Description of the Invention] 
[0001] 

[Technological field of the invention] This invention relates to a copper 
alloy foil that is suited for use in flexible printed circuit boards and semiconductor 
mountings such as IC tape carriers and that has superior strength and electrical 
conductivity. In particular, it relates to Cu-Fe-P copper alloy foil in which the size 
of inclusions and the number of inclusions are controlled. 

[0002] 

[Prior art] Printed circuit boards in which organic substances are the 
substrates are generally divided into hard copper stretched laminated board 
(rigid) in which glass epoxy and paper phenol substrates are used as the 
structural materials and flexible copper stretched laminated board (flexible) in 
which polyimide and polyester substrates are used as the structural materials. 
Copper foil is used primarily as the conductive material in printed circuit boards. 
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Copper foil is classified as electrolytic copper foil and rolled copper foil depending 
on the method of its manufacture. Of the aforementioned printed circuit boards, 
flexible circuit boards, which are required to have multiple-layer boards because 
their circuits are of higher density than those of rigid printed circuit boards and 
must have high flexibility, are formed by laminating copper foil on a resin 
substrate and by making a single structure by means of an adhesive agent or by 
heating under increased pressure. Rolled copper foil of tough pitch copper or 
oxygen-free copper is frequently used as the copper foil. In recent years, 
multiple-layer wiring boards called "buildup" substrates are frequently used as 
effective means of high density mounting. 

[0003] Some printed wiring boards are used in the mounting of 
semiconductor chips as tape carrier and TAB (tape automated bonding) leads. 
In the field of mounting of semiconductor chips, there have in recent years been 
advances in BGA (ball grid arrays) and CSP (chip size packages) for the purpose 
of increasing mounting density. By this means, the number of terminals relative 
to area is increased. However, at the same time, the terminals are of narrow 
pitch, for which reason high density wiring substrates are also necessary in 
substrates that are mounted. Multiple-layer substrates are used in the field of 
semiconductor mounting as an effective means for producing higher density. 

[0004] On the other hand, rolling with good yields is difficult in the 
manufacturing process when the thickness of the foil is very thin. In particular, 
internal defects such as inclusions are the cause of occurrence of fractures 
during rolling or of the occurrence of pinholes, for which reason, productivity is 
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decreased, and, in turn, manufacturing cost is increased. Consequently, it is 
desirable for there to be few inclusions in the materials. In recent years, there 
are many cases in which precipitated copper alloy is used for applications in 
which high strength and conductivity are required as in alloys for electronic 
devices. Cu-Fe-P copper alloys are representative precipitated copper alloys 
which have both high strength and high conductivity and have been put into 
practical use as materials for electronic devices. In this alloy, strength and 
conductivity are increased by the fact that fine Fe or Fe-P compounds are 
precipitated in the copper matrix in the aging precipitation process. 
[0005] 

[Problems the invention is intended to solve] The printed circuit boards 
described above are used in (1) cases in which they are fixed and used in a bent 
state during assembly and (2) cases in which they are used in drive systems (for 
example, head components of printers, circuit boards for drives inside hard disks, 
etc.) and in which bending is repeated from 10,000 to over 1 million times. As 
electronic devices have become smaller and of high density in recent years, 
there has also been a demand to make the printed board itself smaller. Because 
pure copper foil is of insufficient strength, the problems have arisen of breaking 
or deformation during processing and assembly of components. Further, 
because pure copper is of markedly low heat resistance, the problems have 
arisen of deformation and disconnection due to heating at the time of laminating 
the copper foil on the resin substrate and there has been the drawback that 
reliability is decreased. 
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[0006] In the field of mounting of semiconductor chips, there have been 
advances in producing the circuit rule of the chip that is mounted on a finer scale 
and "0.1 to 0.2 um rules" are being developed. In the case of 0.1 to 0.2 \xm rule, 
the gold or aluminum "bump" pitch on the back face of the chip is on the order of 
40 n,m. In order to connect a bump of 40 ^im pitch, it is necessary for the wiring 
pitch of the substrate to be made to less than 14 ^im. The reason for this that 
etching, assembly and processing cannot be performed when the plate thickness 
of the copper foil is not made less than 14 urn. However, when the plate 
thickness of conventional rolled copper foil is less than 14 um, its strength is not 
sufficient, for which reason the problems arise of breakage or deformation during 
IRB (inner reed bonding). Consequently, there is a demand for a material having 
sufficient strength and also sufficient electrical conductivity to meet the 
aforementioned demands. 

[0007] The use of a copper alloy to which various elements have been 
added is an effective means for meeting the aforementioned demands. 
However, the problems arise that sufficient strength cannot necessarily be 
obtained solely by using copper alloy and there is a decrease in electrical 
conductivity, which is another required characteristic of substrates, due to the 
addition of elements. In the Cu-Fe-P alloys described above, strength and 
conductivity are increased as a result of the fact that fine Fe or Fe-P particles are 
produced in the copper matrix. However, on the other hand, coarse crystallized 
material or precipitated material that does not contribute to an improvement in 
strength tends to remain and the activity of the added elements is increased, for 
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which reason there is the result that a texture is readily formed in which these 
comparatively large particles are dispersed in the matrix. When these large, 
coarse particles remain they are the cause of the occurrence of breakage and 
pinholes in putting Cu-Fe-P alloys to practical use as copper alloy foil materials. 
For this reason, productivity is decreased, and, in turn, manufacturing costs are 
increased. This invention was developed for the purpose of solving the problems 
described above and has the objective of providing Cu-Fe-P copper alloy foil that 
has sufficient strength and electrical conductivity and that is of superior 
productivity. , 

[0008] ^ 

[Means for solving the problems] Accordingly, when the inventors 
conducted repeated research on copper alloy foil suited as metal foil, they 
discovered that a suitable material could be provided as an alloy foil, in 
performing adjustment of the components of Cu-Fe-P alloys, as required, by 
having them contain Zn and/or Sn, and, further, Mg, Co, Pb, Zr, Cr, Mn, Al, Ni, Si, 
In and/or B and by controlling and selecting manufacturing conditions to control 
the distribution of inclusions such as precipitated material, crystallized material, 
oxides, sulfides and silicides in the matrix. This invention was perfected on the 
basis of the aforementioned information and relates to copper alloy foil which is 
endowed with both sufficient strength and electrical conductivity for use as foil for 
printed circuit boards and for IC tape carriers and that is also of excellent 
productivity, which is characterized in that the alloy foil contains 0.05 to 3.5 
weight % Fe (percentage hereafter signifying weight % unless otherwise 
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specified) and 0.01 to 0.4% P, and either one or both of 0.05 to 5% Zn and 0.05 
to 3% Sn as well as further, as required, that it contain a total amount of 0.01 to 
2% of one or more of Mg, Co, Pb, Zr, Cr, Mn, Al, Ni, Si, In and B, in that the 
remainder is comprised of Cu and unavoidable impurities, in that the size of the 
impureities is less than 1 0 u.m and in that the number of inclusions of a size of 5 
to 10 ^irn is less than 50/mm 2 in a rolled parallel cross section. 

[0009] In this invention, the term "inclusion" is used as a comprehensive 
term for particles that can be observed in the matrix by microscopic observation 
of this alloy, such as precipitated material that is produced in precipitation 
reactions in the solid-phase matrix in processes subsequent to solidification at 
the time of casting, i.e., the cooling process after solidification, the cooling 
process after hot rolling and during aging and annealing, crystallized material that 
is produced by segregation in the solidification process at the time of casting and 
that is generally coarse, and oxides and sulfides which are impurities that are 
produced by reactions in baths during melting. The expression "size of inclusion" 
refers to the diameter of the smallest circle that circumscribes an inclusion when 
the inclusion is observed under the microscope. The expression "number of 
inclusions" is the number of inclusions per mm 2 that is actually counted in a large 
number of sites by microscopic observation of a rolled average cross section of 
material. 

[0010] 
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[Mode of execution of the invention] Next we shall explain the reason that 
the component composition of the copper alloy in this inveniton is limited as 
described above, as well as its action. 

[001 1] (Fe) Fe, by itself, or by forming an intermetallic compound with P, 
acts to increase the strength and heat resistance of the alloy. When its content is 
less than 0.05 %, the desired high strength cannot be obtained. On the other 
hand, when it contains Fe in a proportion exceeding 3.5%, processing capacity is 
decreased, conductivity is markedly decreased and coarse Fe particles remain in 
the matrix phase. As a result, productivity is decreased due to the occurrence of 
fracture and pinholes during rolling. For these reasons, the content of Fe is set 
from 0.05% to 3.5%. 

[0012] (P) P forms an intermetallic compound with Fe and causes an 
increase in strength without lowering the conductivity. With less than 0.01%, this 
effect does not occur. On the other hand, when it exceeds 0.4%, processing 
capacity is markedly decreased and conductivity is also markedly decreased, for 
which reason the P content is set from 0.01% to 0.4%. 

[0013] (Zn) Zn acts as a deoxidizing agent at the time of melting and 
casting and has the effect of improving the heat resistance of solder junctions. 
When its content is less than 0.05%, its effect is not marked. On the other hand, 
when the Zn content exceeds 5%, there is marked decrease in conductivity. For 
these reasons, the Zn content is set from 0.05% to 5%. 

[0014] (Sn) Sn has the action of assuring the strength of the alloy. When 
its content is less than 0.05%, the increase in strength is not sufficient. On the 
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other hand, when the Sn content exceeds 3%, conductivity is markedly 
decreased and hot-processing capacity is decreased. For this reason, the Sn 
content is set from 0.05% to 3%. 

[0015] (Mg, Co, Pb, Zr, Cr, Mn, Al, Ni, Si, In or B) all have the action of 
improving the strength of the aforementioned copper alloy. As required, one or 
two or more of these elements may be added. However, when the total content 
is less than 0.01%, the effect of improving the strength is not obtained. On the 
other hand, when the content exceeds 2%, there is a marked decrease in 
productivity. For this reason, the total content is set from 0.01 % to 2%. 

[0016] (Inclusions) Particles of inclusions are present in the matrix in this 
alloy system. These are small inclusions in the alloy for the purpose of obtaining 
the required strength. However, coarse inclusions exceeding 0.5 urn do not 
contribute to strength, and coarse inclusions in particular are the cause of 
fractures and pinholes in the rolling process, with productivity being markedly 
decreased. In order to eliminate this problem, the upper limit on the size of 
coarse inclusions should be set to 10 urn and the number of inclusions of a size 
of 5 to 10 ^im in rolled parallel cross sections should be less than 50/mm 2 . 

[0017] Next, we will explain the manufacturing process for obtaining this 
alloy. It is necessary that the tempering of the material is an aging treatment for 
the purpose of obtaining the desired strength and electrical conductivity. This 
aging treatment is necessary for the purpose of increasing strength and electrical 
conductivity and it is necessary for the aging treatment temperature to be 300 to 
700°C. When it is less than 300°C, the aging treatment takes time. This is not 
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economical. On the other hand, when it exceeds 700°C, the Fe goes into solid 
solution and an increase in strength and electrical conductivity do not occur as a 
result of aging. Next, finishing is performed to the desired board thickness by 
cold rolling. It is desirable that the thickness of the foil after cold rolling be less 
than 100 \im (0.1 mm). Desirable thicknesses for rolled copper alloy foil which is 
presumed to be in states of ordinary use are, for example, 0.035 mm, 0.07 mm, 
0.018 mm or 0.010 mm. 
[0018] 

[Examples] We shall now describe this invention in further detail by means 
of examples and comparative examples. 

(Examples and comparative examples) Copper alloys of the component 
compositions shown in Table 1 were melted in a high-frequency melting furnace 
and were cast into ingots of 20 mm in thickness. Next, these ingots were 
subjected to hot rolling to a thickness of 8 mm at a temperature of 800 to 950°C 
and surface "shaving" was performed for the purpose of removal of surface 
scale, after which a board was made of a thickness of 2 mm by cold rolling. 
Following that, annealing was performed for 1 hour at a temperature of 350 to 
900°C, after which it was cold rolled to 0.5 mm. Further, aging was performed for 
5 hours at a temperature of 400 to 600°C, after which it was made to foil of a 
thickness of 0.018 mm by cold rolling. 

[0019] Evaluations were made of the properties of each of the alloy foils 
that were obtained in this way. The table also includes the findings for tough 
pitch copper as a conventional alloy. Tensile strength was determined as 
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"strength" with a tensile testing machine. "Electrical conductivity" was indicated 
by conductivity (% IACS). Evaluation of "heat resistance" was found by heating 
for 30 minutes at various temperatures and by taking the temperature at which 
tensile strength is intermediate between the strength before heating and the 
strength when it is sufficiently softened as the softening temperature. The 
number of inclusions was found by observing a rolled parallel cross section of the 
material under the microscope and is the number of inclusions of a size of 5 to 10 
^im per mm 2 that is actually counted in a large number of sites. Foil of 0.018 mm 
in thickness, 450 mm of width and 5000 m in length and productivity was also 
evaluated. "Productivity" was evaluated by the state of occurrence of fractures in 
the rolling process and by the state of occurrence of pinholes in the product 
stage. When "fractures" did not occur, an evaluation of O was given and when 
fractures occurred an evaluation of X was jgiven. "Pinholes" were evaluated by 
the number of occurrences of pinholes of greater than 0.5 mm in diameter per 
1000 m. 

[0020] 
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[Table 1] 



Table 1 . Alloys of This Invention and Comparative Examples 





Components (weight %) 


Tensile 
strength 
N/mm 2 


Conduct- 
ivity % 
IACS 


Soften- 
ing 
temp- 
erature 

or* 


Number 
of inclu- 
sions/m 
m 2 


Pres- 
ence or 
absence 
of 

fracture 


1 T|Ui 1 IUCI Kit 

occurr- 
ences of 
pinholes/ 

4 Ann »» 

iuuu m 


Alloys of 

thk 

11 Ho 
11 1 VCI 1 

tion 


Fe 


P 


Zn 


Sn 


Second- 
ary 

compon- 
ent 














1 


A c 

0.5 


a ao 
0.03 








540 


75 


400 


0 


0 


1 


o 


Z. Id 


A AO 

0.02 


A 4 4 
0.1 1 






ooo 




4DU 


10 


KJ 


Q 

O 


3 


a o*> 


A f\A 

0.04 




0.7 




590 


58 


460 


11 


0 


3 


A 
4 


1.7 


0.04 


0.2 


1.1 




OxU 


01 


/ion 
4ZU 


A 

4 


O 


1 


C 

O 


2.29 


0.03 


2.15 


0.14 


0.06 
Mg 


con 


OO 


/ion 
4oU 




o 


O 


a 

D 


1.68 


0.04 






0.08 B 


OOU 


DO 


4oU 


ft 

o 






7 


1.68 


0.04 


2.48 




0.23 
Co 


590 


55 


400 


9 


0 


4 


ft 

(J 


2.13 


0.03 


0.42 




0.06 Zr 


fim 


R1 






n 


o 


Comp- 
arison 
alloys 
























1 


4.26 


0.05 






0.06 
Mg 


640 


35 


500 


73 


X 


19 


2 


0.05 


0.05 


0.82 


3.56 




610 


16 


440 


14 


o 


5 


3 


2.08 








0.26 Zr 


470 


55 


420 


51 


X 


15 


4 


3.54 


0.41 




0.31 


0.05 Al 


610 


21 


410 


98 


X 


27 


Conven- 
tional 
material: 


Tough pitch copper 


380 


97 


140 




o 


2 



[0021] As can be seen from Table 1 , the alloy foils of this invention had 
superior strength, conductivity and heat resistance. Because the number of 
inclusions was small, the number of occurrences of pinholes was small, with a 
maximum of 6 being found. On the other hand, the conductivity of Comparison 
Alloy 1 was inferior to that the alloys of this invention because the Fe content was 
high. The conductivity of Comparison Alloy 2 was inferior because of the high Sn 
content. The strength of Comparison Alloy 3 was inferior because it did not 
contain P. The conductivity of Comparison Alloy 4 was inferior because of the 
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high Fe and P contents. Fractures occurred in Comparative Examples 1, 3 and 4 
in the manufacturing process because there were large numbers of inclusions 
and there was an increase in the number of pinholes. 



[Effect of the invention] As described above, by means of this invention, 
copper alloy foil that has superior strength, electrical conductivity and heat 
resistance and that is also of superior productivity can be obtained. This alloy foil 
is ideal as a copper alloy foil material of high reliability for printed circuit boards 
and for uses in semiconductor mounting fields such as IC tape carriers. 
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